Elected F.R.S. 1957 B y J.S. S a w y e r , F.R.S.
REGINALD SUTCLIFFE'S career as a meteorologist -first as a civil servant and later as a university professor -spanned a period of more than four decades during which there were remarkable changes in the extent of meteorological knowledge and in the manner of its application. In the 1920s, when Sutcliffe entered the scene, there was a basic understanding of the physics and thermodynamics involved in weather systems, and the equations of motion had been formulated for an atmosphere on a rotating globe, but weather forecasting was almost entirely a matter of experience and empiricism, dominated by the then new Norwegian frontal theory. Climatology was a matter of simple statistics of basic weather elements. Meteorological research was in the hands of scattered individuals, specialists in some aspect of the science. By the 1970s, when Sutcliffe retired, the prediction of weather systems had been put on a quantitative basis with numerical computation on electronic computers of both the physics and dynamics. The study of climate had been transformed into the study of the physics and dynamics of the atmosphere on the grandest scale, and substantial scientific teams were working on these problems in both universities and meteorological services. Professor R.C. Sutcliffe played a noteworthy role in bringing all these changes about. P a r e n t a g e a n d e a r l y y e a r s Reginald Cockcroft Sutcliffe was bom in 1904 at Cleckheaton in Yorkshire between Halifax and Bradford. He was the son of Ormerod Greenwood Sutcliffe and Jessie Sutcliffe (ne'e Cockcroft). Ormerod Greenwood Sutcliffe was the son of William Sutcliffe and grandson of John Sutcliffe. His Christian names were derived from the maiden names of his two grandmothers. The name Sutcliffe is common in the West Riding of Yorkshire and has been traced back to a 13th century family in the area. When Ormerod Greenwood Sutcliffe was eight years old his father died, leaving his mother with four children of whom he was the eldest, and so he had to leave school and go to work in a spinning mill. He stayed there for three years and then left because he had not grown an inch and his mother was worried. He got work in the co-operative stores in Charlestown near Hebden Bridge and had to sleep over the shop.
He later married Jessie Cockcroft. Her father was Robert Cockcroft who had married a Mary Sutcliffe. Robert was one of several brothers and one sister. The brothers and the father cut woods down under contract. Mary Sutcliffe came from a family that had a small textile factory in Hardcastle Craggs near Hebdenbridge where Mary had worked in the machine shop before she was married.
After his marriage Ormerod Greenwood Sutcliffe obtained a situation as manager of Wrexham Co-operative in North Wales where three of his four sons were bom. Reginald Cockcroft (Reggie) Sutcliffe was the third. The eldest son died of diphtheria at the age of five. Ormerod Greenwood Sutcliffe left Wrexham when he had trouble with the staff because he could not speak the Welsh language despite his attempts to leam it. He became manager of the co-operative in Cleckheaton where his fourth son was bom in 1908 and where the family grew up. The boys went to school at Whitcliffe Road British School. The headmaster, Hugh Patchett, made a significant impression on them all. Unfortunately Robert, Reginald's elder brother, whom Mr Patchett considered the brightest, developed an eye disease and had to leave.
Robert and Reginald obtained minor scholarships to Whitcliffe Mount Secondary School, a co-educational school with 200-300 pupils. Robert and Reggie were both always near top of their class. Reginald said that his scholastic outlook was materially influenced by his headmaster, Mr Clayboume, and his science master, Mr Willie Pearson. Reggie took school certificate and went on to do Higher Certificate in physics, mathematics and applied mathematics. His results were excellent. It is said that in applied mathematics he had to do 10 questions out of 12 for full marks; he did 12 and got them all right. He was Captain of School (head boy) and sports champion, which included athletics and swimming. He was also captain of football and cricket.
In 1928 Reginald's father suffered a heart attack and died. However, on the basis of his Higher Certificate results Reginald obtained a scholarship to Leeds University which was near enough for him to live at home. At university he was in the university water polo team. He was among the four best students in his year and obtained first class honours in pure mathematics. He continued his studies for Ph.D. under the guidance of Professor Berwick, who subsequently moved to the university college at Bangor. Reginald continued his studies with Berwick there, and was granted a Ph.D. in statistics after two years. His year at Bangor gave him an attachment to Wales and the Welsh language which lasted his life. He also met his future wife there, and he was buried in Halleyn churchyard, up on the Welsh hills looking down to the estuary of the Dee. At that time the Meteorological Office was part of the Air Ministry with its headquarters and central forecasting office in Kingsway, London. There Sutcliffe was employed initially. The Meteorological Office then had little or no formal organized research. It was said to be the view of the Director, Sir George Simpson, F.R.S., that good scientists would find their own time and projects for research. Certainly he managed to find time and effort for research in addition to administration.
There appears to have been no formal instruction of professional recruits to the Meteorological Office in 1927, and when speaking of his duties as a professional assistant, Reginald Sutcliffe used to say that he plotted the rainfal 1 amounts on the back of the synoptic charts; the duty forecasters jealously guarded their right to analyse the main weather reports on the front. However, the lack of formal training must have been made good by contact with the professional staff and wide reading, because it is clear that within a few years Sutcliffe had become a very competent and knowledgeable meteorologist.
In the 1920s the Meteorological Office maintained a few outstations at Royal Air Force and Royal Navy establishments where a member of the professional staff and a few assistants provided meteorological advice and weather forecasts to service personnel. Regular synoptic weather reports were transmitted by wireless telegraphy and received at the Meteorological Office outstations. These formed the basic material of the forecasting service. Reginald Sutcliffe was posted to an outstation on Malta in 1928, remained there until 1932 and developed a lasting interest in Mediterranean weather. While there he married Evelyn Williams, whom he had first met in Wales while studying for his Ph.D.
In the 1920s a major innovation was the Norwegian frontal theory, and the Director of the Meteorological Office invited Tor Bergeron, who was a member of the team that developed the theory, to visit Meteorological Office establishments to discuss the applications to forecasting. He spent some months in Malta while Sutcliffe was there.
In 1932 Sutcliffe returned to England for duty at the outstation at Felixtowe. While there he made a comprehensive study on the behaviour of the sea breeze (1937), but his research interests were already turning to the wider aspects of meteorology as shown by his paper on 'Surface resistance in atmospheric flow ' (1936) in which he used the observed departure of low-level winds from geostrophic motion to estimate the surface drag on the winds in the free atmosphere, an understanding of which he regarded as essential to an understanding of the large-scale circulation of the atmosphere.
In 1935 Sutcliffe was posted back to Air Ministry in Kingsway and in 1937 to the R.A.F. station at Thomey Island in Sussex, where he remained until the first months of World War II. During this period his duties were in the instruction and examination of aircrew in meteorology. For this purpose he wrote the book Meteorology fo r aviators (1938) , which was widely acclaimed for its lucid presentation of all aspects of meteorology. However, this was also an active period for the development of Sutcliffe's ideas on dynamical meteorology. The presentation of his papers at the meetings of the Royal Meteorological Society initiated some very lively discussions and correspondence in which several eminent scientists took part, notably Sir Gilbert Walker, Professor Sir David Brunt, F.R.S., C.K.M. Douglas, Sir Harold Jeffreys, F.R.S., and C.S. Durst. Sutcliffe's paper 'On the development in the field of atmospheric pressure' was noteworthy. The main considerations centred around the relative importance of various terms in the equations of motion in bringing about the changes of pressure in depressions and anticyclones. Sutcliffe's contribution was unique in his emphasis that the formation of depressions required horizontal divergence of the air in the upper troposphere largely balanced by the horizontal convergence of air nearer the ground; the surface pressure fall was to be seen as a relatively small residual of these mass transfers out of and into the air column. This aspect does not seem to have been generally assimilated at the time and, with only occasional measurements of wind and temperature through the depth of the troposphere, it was impossible to test dynamical ideas against the behaviour of the real atmosphere. This had to await the development of a routine network of upper-air soundings in support of war-time aviation and its post-war continuance. THE WAR YEARS, 1939 -1945 With the outbreak of war Reginald Sutcliffe was commissioned in the R.A.F.V.R. with the rank of squadron leader. He served with a mobile meteorological unit supporting the Air Component of the British Expeditionary Force in France during 1939 and 1940 until he was evacuated from Boulougne just before the collapse of the British forces on the continent. Almost immediately he was flown to join the remaining British forces south of Paris, and then by road to an airfield near Marseilles where the Royal Air Force was operating bombing raids against Italy. With the fall of France he was again brought home, this time on a collier from Marseilles to Gibraltar and thence by the Royal Navy.
Back in the United Kingdom 'Reggie' Sutcliffe was appointed Senior Meteorological Officer at the headquarters of No. 3 Bomber Group of the R.A.F., near Newmarket. There he established an efficient forecasting service in support of the almost nightly sorties by the bomber force in strategic raids over Germany and the continent. Forecasts of weather and cloud over the targets, of winds at the operational heights en route and of landing conditions at bases in England were all vital to the success of the missions. However, the relevant meteorological data were very restricted; limited upper air soundings, and these only from the United Kingdom, and an absence of weather reports from ships over the Atlantic. Forecasting techniques were based largely on the extrapolation of weather systems and on forecasters' experience. The forecasting of winds up to four miles above the ground posed completely new problems. Consultations with the meteorologists at other bomber groups were held regularly through a telephone link-up with a rotating chairmanship. Sutcliffe was a leading contributor and his views were highly respected, often holding sway among the different opinions that were inevitable. His work at No. 3 Group made a substantial contribution to the success of this aspect of the war effort.
Sutcliffe initiated the drawing of charts of the contours of the 500 millibar pressure surface as a basis for forecasting the winds at the required levels. Such charts had been drawn by the Deutche Seewarte in Hamburg before the War. Sutcliffe saw their advantage over the analysis of isobars at fixed levels, and he must have been influential in the adoption of 500 mb analysis as standard in the Meteorological Office in 1941. Particularly important was Sutcliffe's emphasis on the use of the 1000-500 mb thickness chart in building the analysis at 500 mb because the thickness chart was based on the horizontal temperature distribution which could be assessed from the surface observations and experience of atmospheric structure. With O. Godart, an officer of the Belgian Air Force working at No. 3 Group, Sutcliffe developed the mathematics of pressure as a vertical coordinate instead of height, and adopted it in his paper, 'A contribution to the problem of development' in 1947. Pressure coordinates have since been widely used in the development of numerical weather forecasting.
Sutcliffe's experience of Mediterranean weather proved invaluable when he was called upon to forecast for the flight by fighter aircraft across occupied France to reinforce Malta. The aircraft's range was insufficient unless there was a tail-wind over most of the route.
Sutcliffe's experience was that this was not uncommon and an occasion was selected for a successful flight.
With the invasion of the continent in 1944, Reginald Sutcliffe served with the rank of group captain first as Chief Meteorological Officer to the 2nd Tactical Air Force and later as the C. Met O. to the Royal Air Force in Germany. In this latter capacity he played an important part in re-establishing the meteorological services through war-ravaged Europe. For this purpose he made visits to Belgium, Holland and Denmark, and lasting friendships with several leading meteorologists on the continent, specifically with Professor Van Miegham in Belgium and Professor Bleeker in Holland.
The Napier Shaw Laboratory, 1948-1957
From his appointment as Director of the Meteorological Office in 1938 it had been the intention of Sir Nelson Johnson to expand the organized research activities of the Office, but he had been frustrated by war-time demands. However, in 1948 he was able to set up a Forecasting Research Division alongside the Central Forecasting Office at Dunstable. Reginald Sutcliffe was appointed to take charge of it. Initially it consisted of two branches, designated respectively short-range and long-range research. Each had a cadre of three scientists, later expanded, supported by technical and assistant staff. A new building, the Napier Shaw Laboratory, was authorized, and when completed provided excellent facilities in the light of the nature of forecasting research as then expected. The emphasis was on providing means for the storage and display of synoptic weather maps, and benches for working on them.
Sutcliffe interpreted short-range forecasting as for the coming 24 or 36 hours, and long range forecasting as for the next 3 or 4 days. The ideas that he had developed at No. 3 Group formed a stimulating starting point for research in both of these fields. His 1947 paper 'A contribution to the problem of development', in particular, led to a rapid development in the understanding of the development of depressions and anticyclones. The ideas were applied directly to the surface and upper air charts based on the extensive network of reporting stations, both surface and upper air, which had been developed over the war years in support of military aviation.
The 1947 paper demonstrated that cyclonic development required horizontal divergence and the generation of anticyclonic (clockwise) vorticity at some level in the upper troposphere together with horizontal convergence and generation o f cyclonic (anticlockwise) vorticity in the lower troposphere. Cyclonic development thus requires an increase in the clockwise vorticity of the vector wind shear between the upper and lower troposphere. Since the motion is approximately geostrophic, and thus directly related to the horizontal pressure gradient, the wind shear between the upper and lower levels is also necessarily related to the weight and density of the air column and hence to the horizontal temperature field which is shown by the thickness lines delineating the thickness of the isobaric layers. The changes in the vorticity of the wind shear field can therefore be related to distortions of the horizontal distribution of the thickness lines by the wind field, and this enables areas of cyclonic and anticyclonic development to be picked out by inspection of the charts of contours of the pressure surfaces combined with those of the thickness between isobaric levels. Sutcliffe formulated a few simple rules which could be applied to the 1000 mb contour chart with superimposed lines of 1000-500 mb thickness.
In a series of papers the application of Sutcliffe's rules to various weather situations was tested against the developments on the extensive chart series available at Dunstable. Their application was also discussed with the forecasters of the Central Forecasting Office almost daily at the regular forecast conferences. These had been instituted by E. Gold, F.R.S., Deputy Director of the Meteorological Office, in an effort to ensure that scientific principles were incorporated into forecasting systems as soon as possible. The outcome of experience so gained put weather forecasting on a dynamical basis for the first time, and was published in 1950 in the paper which Sutcliffe wrote with A.G. Forsdyke on the theory and use of upper air thickness patterns in forecasting.
Sutcliffe directed the effort of his long-range forecasting research branch towards forecasts for the next 3-4 days. To this end he initiated the routine plotting and analysis of charts of 1000 mb and 500 mb contours and 1000-500 mb thickness lines over as much of the Northern Hemisphere as possible. A sufficient coverage of data from radiosondes and radarwinds had become available when the confidentiality of weather information was lifted at the close of the War. These charts provided the basis on which the research team could gain experience of the behaviour of the atmosphere on the largest scales, and it soon became apparent that understanding of the behaviour of the very long waves in the upper westerlies, the so called 'Rossby waves' of wavelength 3000 km or so, was vital to progress in extended forecasting. Sutcliffe emphasized the role of the temperature distribution in determining the location of the troughs and ridges in the upper westerlies, and initiated a debate as to whether the rather permanent trough in the westerlies over North America and ridge over Europe were controlled dynamically by the flow over the Rocky Mountains or thermally by the different heat capacities of the continents and oceans. He favoured the latter and stressed the importance of heating and cooling of the underlying surface in controlling the displacements of the upper westerlies. With the more recent capability to simulate the atmospheric circulation mathematically, it is apparent that both orographic and thermal influences play major roles in the control of the climate of the westerly belt. Under Sutcliffe's direction a lively research programme developed, making significant progress on the understanding of fronts, airflow over mountains, rainfall and many other aspects of short-and medium-range forecasting. However, the team's efforts were held together by the common interest and discussion of the forecasting problem in relation to the surface and upper air chart series. The development of numerical weather prediction and the baroclinic model proposed by Sawyer and Bushby in 1951 stemmed largely from attempts to evaluate numerically the terms in Sutcliffe's 1947 paper and the changes in the 1000-500 mb thickness pattern deriving from the associated vertical motion.
Although Reginald Sutcliffe did not take a personal part in the application of electronic computers to meteorology, he encouraged his staff to do so. When he heard that Messrs Lyons, the caterers, were building a copy of the Cambridge computer, EDS AC, at Cadby Hall, and could make some time available on it, he arranged for F.H. Bushby to attend a programming course and the initial experiments in numerical prediction with a baroclinic model were done on the Lyons machine. Reginald Sutcliffe also arranged for a member of the Meteorological Office staff, E. Knighting, to spend a year in the U.S. A., where numerical weather forecasting was also being developed. Experiments in numerical forecasting were continued on the Ferranti machine at Manchester through the 1950s until with strong support from Reginald Sutcliffe an electronic computer, a Ferranti Mercury, was purchased and installed at the Napier Shaw Laboratory in 1959.
DIRECTOR OF RESEARCH AT THE METEOROLOGICAL OFFICE
In 1953 Reginald Sutcliffe was promoted to Deputy Chief Scientific Officer and took over the post of Deputy Director (Research) from Dr A.H.R. Goldie who was retiring at the normal age limit. This involved Sutcliffe's movement to London where the Meteorological Office headquarters was located until the completion of the new building at Bracknell in 1961. For a time therefore Sutcliffe had somewhat less direct contact with the forecasting research teams which he left at Dunstable. However, additional research branches soon came under his control, in particular those working on climatology, instrument development and atmospheric turbulence; also the Meteorological Research Flight based at Farnborough.
With Sir Graham Sutton, F.R.S., as Director of the Meteorological Office an extensive review of the working of the Office was undertaken by a small departmental group under the chairmanship of Lord Brabazon of Tara. Recommendations of the committee led to a substantial reorganization o f the Office and expansion of the research side. The reorganization provided for a Director of Research and a Director of Services, each responsible for one of two main sections of the Office, working under Sir Graham Sutton, newly designated Director General. Dr Sutcliffe was appointed to the post of Director of Research with the rank of Chief Scientific Officer. Sutcliffe's experience, no doubt, had a substantial influence on the way in which the administrative organization of the research side of the Office was re-established; a pattern that remained with little change for 25 years or more. Noteworthy was the provision of a branch for dynamical climatology in which studies of the general circulation of the atmosphere could be pursued by means of mathematical modelling along the lines developed for numerical weather prediction. A separate branch was provided for research in synoptic climatology where the perturbations of the atmosphere on a continental scale could be studied on the basis of the worldwide network of observations. The maps of large-scale anomalies o f temperature and pressure became the basis for experiments in forecasting for a month ahead which, although not leading to a practical system of forecasting, have provided a valuable basis for the understanding of climatic anomalies, of their links with ocean temperatures and of climatic change. It was Reginald Sutcliffe's initiative also that established a High Atmosphere Branch, which initiated experiments from rockets launched in the Hebrides and later developed instrumentation for satellites and the application of satellite data to forecasting.
With his appointment as Director of Research, Dr Sutcliffe became deeply involved in administrative and organizational matters and found less opportunity for original research. However, he retained his interest in the scientific problems of meteorology and also in the impact of weather and climate on society. He wrote several papers and gave talks and lectures. He was particularly desirous of seeing that the experience of the synoptic meteorologist gained from his regular examination of weather charts should be combined with the insight of the more theoretical scientist. In particular he used his knowledge of the life-time of weather disturbances, which is longer for the larger systems, to assess their predictability; thus discouraging unjustifiable hopes of accuracy in weather prediction. Similarly his experience of the behaviour of weather systems helped him to appraise the numerous claims for artificial weather modification that were rife in the 1960s.
Dr By holding influential offices in both IAMAP and C.Ae. in the early 1960s, Dr Sutcliffe was able to play a major part in the development of meteorological research world-wide at a critical time in the development of international cooperation. Impressed by the potential of the first artificial satellites in Earth orbit in 1957 and 1958, and stimulated by the advice of President Kennedy of the U.S.A., the General Assembly of the United Nations had adopted a resolution calling (among other things) for 'measures to advance the state of the atmospheric sciences ... so as to provide greater knowledge of the basic physical forces affecting climate and the possibility of large-scale weather modification'. Both WMO and the International Council of Scientific Unions (of which IAMAP is a member) were called on to pursue the matter. It had been one of Dr Sutcliffe's long-term aims to bring the university researchers and the meteorological services closer together and an agreement signed between WMO and ICSU paved the way for this. Dr Sutcliffe described it as assigning to WMO all the hard work of international organization and to IAMAP the arranging of scientific meetings. On this basis many important international meteorological programmes have developed (the Global Atmospheric Research Programme and the World Climate Programme, for example). The initial stages of these developments were fathered by the WMO Advisory Committee of which Dr Sutcliffe was a member from 1964 to 1968 and, for a time, chairman. From the early 1960s he had been keen that WMO should take an active role in planning research projects although initially WMO had been reluctant to be involved. R e a d i n g U n i v e r s i t y , [1965] [1966] [1967] [1968] [1969] [1970] Dr Sutcliffe had many times expressed the view that the universities should take part in training scientists for the Meteorological Office, that there was a need for another department of meteorology in addition to that at Imperial College, and that university teaching in meteorology should include undergraduate courses not aimed solely at producing professional meteorologists. The opportunity to put these ideas into practice came when, resigning from his post as Director of Research in the Meteorological Office, he became Professor of Meteorology at the University of Reading and head of a new Department of Meteorology.
When the Department started in October 1965, Professor Sutcliffe was the sole member of academic staff. During the first year he was supported by a secretary and an experimental officer seconded from the Meteorological Office. In the early years a few members of the Meteorological Office staff gave lectures so that the full range of topics could be covered, but Reggie Sutcliffe taught the dynamical meteorology courses, and led the discussions of current weather. He also supervised the first research students. He took a personal interest in the overseas students, particularly those from the Sudan who formed the largest single group. By the time Professor Sutcliffe retired in 1970, staff numbers had built up to six, and the Department had established a high reputation for teaching and research. It had an undergraduate course in meteorology leading to a degree, the first in the United Kingdom; also an M.Sc. course which attracted many overseas students. Recognizing the importance of practical studies, Professor Sutcliffe established a small physical laboratory, and also installed data links with the Meteorological Office. These latter provided the basis for weekly discussions of the current weather situation among staff and students. These discussions accord with Reggie Sutcliffe's idea that the proper study of meteorology requires a close familiarity with the way that the atmosphere behaves, and they continued to provide a major stimulus for the Department long after Professor Sutcliffe's retirement.
Professor Sutcliffe's advice on education and training was much valued by the World Meteorological Organisation, as was his readiness to help students from abroad. He endeavoured to extend the interests of his department into hydrology and hosted a meeting of the International Association of Hydrological Sciences at Reading in 1970, but this was not followed up after his retirement. Retiring in 1970 Professor Sutcliffe was made professor emeritus and continued to maintain close contact with his old department.
R e g i n a l d S u t c l i f f e : t h e m a n Reginald Sutcliffe will be remembered by those who knew him as a man of personal charm and culture. Although he had no dominant activities outside meteorology his interests were wide. This became apparent in scientific discussions and administrative committees where his interventions frequently, but often unexpectedly, introduced the wider issues and implications of the matters under discussion. His book Weather and , published in 1966 for the non-specialist readership, was noteworthy for the breadth of the issues that it discussed. In scientific discussions he would not allow loose scientific thinking to go unchallenged, but he made his points in a kind and uniquely witty manner.
Reginald Sutcliffe enjoyed conversation and convivial company and this led him to stimulate the revival in 1957 of the Meteorological Dining Club, originally founded in 1909. At its meetings he would prompt a group of colleagues to express themselves freely, and not altogether lightheartedly, on the wider implications of their speciality.
When Sutcliffe entered the meteorological scene there was a wide gulf between the weather forecasters and the meteorological academics. Forecasting was a matter of empirical rules, experience and rather elementary science, whereas university meteorology seemed to deal in problems idealized to an extent that had little application to the synoptic chart. It is in no little degree to his efforts that there is no longer such a division in either the national or international field.
Reginald Sutcliffe's views are clearly revealed by his own words to the Symposium on World Water Balance at Reading in 1970.
Throughout much of the history of science and indeed all philosophy, there has been a dichotomy between the pursuit of learning and the pursuit of human welfare, between what is interesting and what is u sefu l... There are fashions in these things anchat the present time the pressure seems to be towards utility. This is paradoxical in a society which is becoming ever more affluent, with its leisure undeniably and steadily increasing, but is surely a side effect, probably only temporary, of the imbalance of rapid growth. Fortunately the dichotomy does not go very deep, for it is difficult to find either useful knowledge which is not interesting, or interesting knowledge which is not at least potentially useful.
Reginald Sutcliffe enjoyed several years of quiet retirement with his books and his family. He suffered a severe stroke on 10 April 1991, and died at home on 28 May. He is survived by his wife, Evelyn, and his two daughters. (1) 1931 (2) 
